sensitivity at a cut-point of > 15/35 was 95% (95% CI: 74-100). The positive predictive value equalled 44% (95% CI: 29-60).
INTRODUCTION
Following the recent expert consensus, patients with chronic hepatitis C (CHC) should now receive interferon (IFN) and ribavirin regardless of psychiatric status, except in uncontrolled psychiatric disease [1] [2] [3] . As 23%-44% of patients treated with IFN develop depressive symptoms during treatment [4, 5] and since, more patients are treated, interferon-induced psychiatric illness is likely to become an increasingly important clinical problem [4, [6] [7] [8] [9] [10] [11] [12] [13] [14] . IFN-induced depression appears to be a depressive disorder that is unusually responsive to antidepressant treatment. Approximately 80% of patients are responsive within 4 wk [15] . This high response rate may be related to the usually short duration of this illness when treatment is initiated, to the mild to moderate severity of illness in most cases [1] , but also to the mainly interferon-induced influences on the central nervous system [16] . Based on the results of a small scale study (n = 16), it has been hypothesised that vegetative symptoms are www.wjgnet.com early predictors for the emergence of full depression [9] . We wanted to confirm or refute this finding in a larger patient group of CHC positive substance users, classically considered as predisposed for depression [17] . Therefore, the predictive value of an increase in the score of the seven vegetative-depressive symptoms from the 20-item Zung Depression Rating Scale [18] was studied in a new study in substance users, using the emergence of a DSM-Ⅳ based major depression during treatment as the outcome measure.
MATERIALS AND METHODS

Subjects
Previously untreated patients, 18 years or older, with compensated chronic HCV infection acquired after substance use, with a serum alanine aminotransferase level above the upper limit of normal, and positive serum HCV RNA were eligible for the study.
HCV patients infected after substance use were defined as patients who were HCV-positive and who had used cocaine, heroin or LSD at least once. All of them were currently or previously cared for in multidisciplinary and specialised programs, according to criteria defined in the Belgian guidelines for the treatment of CHC patients infected after substance use (Table 1) [1] . Patients, who had co-infections such as hepatitis B virus or human immunodeficiency virus, or patients with a diagnosis of uncontrolled neurological, cardiovascular, endocrine, haematological, hepatic or renal disease or patients with insufficient knowledge of the Dutch or French language were excluded.
The study was approved by the ethical review board of the Catholic University of Leuven Medical School and by the Medical Ethical Committees of each of the different centres, and carried out in accordance with the Declaration of Helsinki. Written informed consent was obtained from each subject prior to participation.
Methods
Patients were treated in a prospective, randomised, multi-center study in Belgium between November 2001 and February 2004 with pegylated interferon α-2b, 1.5 μg/kg weekly by subcutaneous injection in combination with ribavirin (administered orally, 1000-1200 mg/d, depending on body weight) or interferon α-2b PEN 3 MIU subcutaneously 3 times/wk in combination with ribavirin (administered orally, 1000-1200 mg/d, depending on body weight). The total duration of therapy for the two study medication arms was 48 wk if the patient was infected with genotype non-2-3 and 24 wk if the patient was infected with genotype 2-3. The patients were required to use effective birth control. A subgroup out of the study centers that collaborated to the study, also recorded the emergence of depression. In this group we systematically investigated the occurrence of depression during therapy in patients who were not already depressed at baseline.
A complete medical history, physical examination, laboratory blood test and liver biopsy were performed before study entry. A liver biopsy was performed before randomisation.
Risk determination
In total, 12 hepatologists in collaborating treatment centres (in whom 49 patients were treated) agreed to apply a 20-item Zung self-rating depression scale (SDS) at wk 0, 4 wk after start of treatment and after the treatment regimen was completed. Zung scale results could score between 25 (normal) and 100 points. A high score indicates a depressive attitude. A cut-off of equal to and higher than 60/100 was considered as indicative for diagnosable depression [18] . Cognitive-depressive and vegetative-depressive symptom dimensions were constructed as described earlier [19] . The vegetative-depressive symptoms (Diurnal variation, lack of sleep, loss of appetite, loss of sex drive, weight loss, constipation, fatigue) were scored from 1 to 4 (in the analysis multiplied with 5/4).
Outcome measures
Clinical diagnosis of depression was confirmed by a qualified psychiatrist on the basis of DSM-Ⅳ criteria for major depression [20] .
Statistical analysis
Quantitative measures are expressed as mean or as median. Qualitative variables are presented as counts and percentages. The χ 2 test statistic and logistic regression methodology were used to compare two patient subgroups with respect to categorical outcome measures. T-tests for independent samples and linear regression methodology were applied to compare subgroups for differences in means of continuous variables. Non-parametric test statistics such as the Wilcoxon Rank Sum test were used if normality was absent.
In identifying an optimal cut-point for the Zungvegetative symptoms score, we searched for a maximal sensitivity with a positive predictive value of at least around 50%. We report the full ROC curve, the AUC and its confidence interval for the four-week vegetative subscale of the Zung and the AUC and the P-values for possible alternative measures.
RESULTS
Participants
Eighty patients in whom chronic he patitis C was diagnosed as acquired after substance use were randomised to treatment with either interferon α-2b or pegylated interferon α-2b combined with ribavirin and were followed by a hepatologist who accepted to apply the Zung rating scales. Fourteen patients never started the study because they were still consuming substances in an uncontrolled way. Nine had major depressive disorder (MDD) at baseline and were therefore excluded. For 8 patients data collection was incomplete. In total 49 eligible patients were included in this analysis (Figure 1 ).
Baseline characteristics
Demographic characteristics and clinical data for all eligible patients not having depression at baseline (n = 49) are summarized in Table 1 . There were no baseline differences between the two treatment groups, with the exception of HCV genotype distribution (P = 0.02) and alanine aminotransaminase (ALT) level (P = 0.06).
Depression (DSM Ⅳ)
Nineteen patients became depressed during antiviral treatment. Median time to depression ranged from 4 to 26 wk and was distributed over this whole period with a mean of 10 wk.
Zung scale
At baseline there was no difference in total, vegetative or cognitive Zung score between patients who subsequently became depressed or not.
At wk 4 after treatment start the mean vegetative Zung scale was higher among the patients developing depression later on compared to other patients (P = 0.008). It decreased slightly from baseline to wk 4 (difference: -0.72; P = 0.49) for patients not getting depressed. Patients getting depressed increased on average 4.13 points on the vegetative Zung scale during the first four weeks of therapy (P = 0.03).
Diagnostic accuracy characteristics
T he ROC cur ve for the prediction of depression emerging during treatment by the vegetative subscale at wk 4 is reported in Figure 2 . The area under the curve (AUC) was 0.73 (95% CI 0.58-0.84; P = 0.004). At a cut-off point of > 17/35, the sensitivity and specificity of the vegetative subscale at wk 4 were 90% and 30%, respectively. The positive and negative predictive value equalled 45% and 82%. For a sensitivity of 95% (95% CI 74-100) the vegetative subscale criterion was > 15 and the corresponding specificity 23% (95% CI 10-42), the positive predictive value 44% (95% CI 39-60) and negative predictive value 88% (95% CI 47-100).
The increased vegetative Zung scale was not merely a measure of depression at that moment, but predicted the occurrence of depression scattered over the weeks and months afterwards. Results were not different according to gender, age and genotype.
The change in vegetative symptoms between wk 0 and 4 was marginally predictive (AUC = 0.68; P = 0.06).
Randomized in study 80
Never started 14 (Uncontrolled substance use)
Started in study 66
Depressive at baseline 9
Not depressive at baseline 57
Drop out 6
Treated with antiviral therapy 51
Zung scale missing at wk 4 2
Full data 49
Figure 1 Flow chart of the patients included in the study. 
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The cognitive subscale at wk 4 was not able to predict a clinical diagnosis of depression (AUC = 0.62; P = 0.15). The total Zung at wk 4 did only have marginal predictive power (AUC = 0.67; P = 0.05).
DISCUSSION
The early presence of vegetative symptoms seems to be predictive for the occurrence of depression later on. In a small scale prospective study (n = 16) [9] it was found that the increase in the vegetative subscale score of the Montgomery Asberg Depression Rating Scale (MADRS) or the Hamilton Depression Rating Scale scales after one week of antiviral treatment following the start of antiviral treatment in CHC patients was predictive for MDD. We could confirm these findings in this prospective study during treatment with regular interferon or pegylated interferon in combination with ribavirin. Our study was larger and we had a more vulnerable population resulting in a higher number of patients becoming depressed during treatment. In this study, we found that a cut-off point of > 15/35 at the vegetative subscales at wk 4 resulted in a sensitivity of 95% at an acceptable positive predictive value of 44%.
This high sensitivity was found using a questionnaire of 7 items, part of the 20-item Zung scale. A similar sensitivity was found using the Minnesota Multiphasic Personality Inventory [21] . However, this rating scale includes 566 items and is more elaborate to perform in a routine outpatient clinic.
There was no relation between a higher score or a significant increase in the cognitive subscale at wk 4 and a higher risk of subsequent clinical depression. This is in agreement with the hypothesis formulated in reference [9] . Also, the Zung depression rating scale as a whole was not predictive for the development of depression in substance use patients, at least after exclusion of the patients that were already depressed at baseline. In other studies the baseline value was found to be predictive for patients with the Minnesota Multiphasic Personality Inventory [22] , the Hamilton Depression Rating Scale score (HDRSS) [23] and the Centre for Epidemiological StudiesDepression Scale, CES-D [24] higher than a certain cut-off level [21, 25, 26] . However, in these studies people that were depressed at baseline were not always excluded [25, 26] . In our study, an increased vegetative subscale score at 4 wk of treatment predicted diagnosis of major depression scattered over the weeks and months afterwards. This scatter is comparable to results found in other recent studies [4, [7] [8] [9] [10] 25] . Although depressive symptomatolog y occurring in patients treated with interferon has usually been called 'depression' or 'major depressive episode', the more appropriate ter m according to new DSM-Ⅳ -TR should be 'substance induced mood disorder'. There are psychopathological (e.g., more irritability) [27] , epidemiological (the gender difference in major depressive episode is different from the gender difference in interferon induced mood disorder) [28] , genetic [29] and treatment (more patients than in major depressive episode respond well to SSRIs) [30] arguments to support this really to be a different disorder. This study has some limitations. It was restricted to substance users with CHC infection and antiviral treatment. Therefore, it is not possible to extrapolate to other patient groups. However, from small studies there seems no difference in the development or the mechanism of depression in other patient groups [9, 30] . Secondly, although larger than previous studies [9] our sample size is still relatively low resulting in large confidence intervals.
In conclusion, the development of depression can reliably be predicted at wk 4 after start of interferon treatment by an increase in vegetative symptoms of depression (subscale score) to at least 15/35. This results in a prediction with a sensitivity of 95%, at the price of 56% false-positive test results, which for a screening test is considered to be acceptable. Treatment with antidepressants may cure or prevent depression and so increase the treatment adherence. This may improve the SVR in patients evolving to depression and make the SVR comparable to SVR in non-depressed patients. To formally prove this, however, it should be the subject of another study.
COMMENTS
Background
Interferon derived treatment will remain the cornerstone for antiviral therapy in chronic hepatitis C patients in the near future. Interferon induced depression is a frequent side effect that may influence the outcome of the treatment. Since interferon-induced depression is unusually responsive to antidepressant treatment, it is important to detect the patients who are at risk for depression and who can benefit from antidepressive treatment.
Research frontiers
At this moment very few tools have been extensively studied to detect the patients at risk of depression during treatment with interferon. The Minnesota Multiphasic Personality Inventory is thoroughly studied but questioning 566 items makes it very elaborate to perform in a routine outpatient clinic.
Innovations and breakthroughs
Using only seven questions at week four of treatment from the vegetativedepressive symptoms of the Zung scale, it is possible to predict 95% of all emerging depressions, at a price of 56% false positive test results.
Applications
Treatment with antidepressants may cure or prevent depression and so increase the treatment adherence. This may improve the SVR in patients evolving to depression and make the SVR comparable to SVR in non-depressed patients. To formally prove the hypothesis that antidepressants may improve SVR in patients at risk for depression, should be the subject of further studies.
Ph Warzée in Reine Fabiola Hospital, Montignies sur Sambre -have presented a clinical study in which they aimed to show the predictive value of vegetativedepressive symptoms according to the Zung depression rating for subsequent clinical depression of HCV infected patients during antiviral treatment with interferon and Ribavirin after 4 wk of treatment. The manuscript is well written and presents a very interesting clinical study showing convincing data.
